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DISCUSSION  OF  SUGGESTED  SPECIFICATIONS 
FOR  "DESIGNED-MIX"  CONCRETE  FOR  PAVEMENTS 


Prepared  by 
F.  H.  Jackson,  of-  the  Division  of  Tests 
(Not  for  release) 

The  accompanying  specification  has  been  prepared  by  the 
Division  of  Tests  in -an  endeavor  to  provide  a  method  of  utilizing 
in  actual  practice  the  various  principles  governing  the  design  of 
concrete  paving  mixtures  which  have  been  established  as  the  result 
of  research  in  the  bureau's  laboratories  and  elsewhere. 

These  governing  principles  may  be  stated  briefly  as  follows 

1.  -  That  flexural  strength  is  the  most  important  strength 
characteristic  of  pavement  concrete  and  that  a  concrete  paving 
mixture  should  therefore  be  designed  to  meet  a  definite  flexural 
strength  requirement  rather  than  a  definite  crushing  strength  re- 
quirement. 

2.  -  That  so  many  factors  affect  the  flexural  strength  of 
concrete  that  the  strength  which  will  be  obtained  by  the  use  of 
any  given  combination  of  materials  can  not  be  determined  by  any 
so-called  calculation  method,   such  as  the  fineness-modulus  method, 
but  must  be  determined  by  actual  trial  in  the  laboratory. 

3.  -  That,  for  any  given  combination  of  materials,  the  flex- 
ural AS   WELL   AS    THE   CRUSHING    STRENGTH   OF   CONCRETE    IS   GOVERNED  BY 
THE    RATIO    OF   WATER    TO    CEMENT    IN    THE    MIX,    SUBSTANTIALLY    IN  ACCORD- 
ANCE   WITH    THE    WATER— CEMENT— RAT  10    LAW,      THIS    FACT    MAKES    IT  POSSIBLE 
TO    DESIGN    CONCRETE    PAVING   MIXTURES    BY    THE    SO-CALLED  "WATER-CEMENT- 
R  AT  I  O    TRIAL-METHOD"    AS    DESCRIEED    IN    PUBLIC   ROADS    FOR    AUGUST,  1-928. 


Explanation  of  Proposed  Specification 

The  use  of  this  type  of  specification  presupposes  that  the 
Department  will  have  avajlaele  for  the  use  of  prospective  bidders 
the  proportions  ey  weight  as  well  as  the  grading  requirements  for 
each  combination  of  aggregates  commercially  available  for  the  job 
under  consideration.    by  "commercially"  availaele  is  meant  those 
sources  of  supply  within  a  practical  shipping  radius.     this  may 
at  first  thought  appear  impractical  due  to  the  large  numeer  of 
tests  involved.     |t  should  be  possible,  howeve^,  for  any  state  de- 
siring to  use  this  type  of  specification  to  determine  in  advance 
the  proper  proportions  for  each  of  the  regular  commercial  sources 
of  supply  available.     such  tests  once  made  would  not  have  to  ee 
repeated  every  time  a  given  come  i  nat  i  on  of  materials  was  used  but 
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would  be  part  of  the  permanent  available  records  of  the  department 
subject  only  to  modification  when  the  character  of  either  one  or 
both  of  the  materials  in  the  come  i  nat  i  on  changed.  investigations 
to  determine  the  proportions  required  for  various  materials  could 
in  many  States  be  made  part  of  a  winter  research  program. 

Similar  information  from  local  sources  of  supply  would  be 
somewhat  more  difficult  to  obtain.    However,  a  State  depending  to 
any  considerable  extent  upon  local  materials  for  concrete  aggregates 
should,  and  many  of  them  already  do,  conduct  material  surveys  well 
in  advance  of  construction.    the  necessary  tests  could  in  such  cases 
be  made  on  samples  of  materials  as  fast  as  oetained  and  the  infor- 
mation filed  for  reference  when  improvements  are  about  to  be  made. 

The  procedure  set  up  in  the  accompanying  specification  ap- 
pears  TO   EE    THE   MOST    PRACTICAL  METHOD   OF   RECOGNIZING   THAT  DIFFERENT 

materials  may  have  to  be  used  in  different  proportions  to  obtain 
the  same  strength  and  that  we  must  therefore  design  for  a  given 
strength  and  adjust  our  proportions  accordingly.     the  method  eval- 
uates competing  aggregates  in  a  fair  and  rational  manner  j  that  is, 
in  terms  of  their  ability  to  make  concrete  of  definite  strength. 
This  after  all  is  what  we  are  interested  in  -  the  matter  of  propor- 
tions  BEING  ONLY  A   MEANS   TO   AN   END.      UNDER    THIS   SYSTEM,    THE  BIDDER 
KNOWS    JUST    HOW  MUCH   HE    IS    JUSTIFIED    IN    PAYING    FOR    EACH  AVAILABLE 
AGGREGATE.      HE   MAY    DETERMINE,    FOR    INSTANCE,    WHETHER    HE   WILL  BE 
JUSTIFIED    IN    PAYING    A   HIGHER    PRICE    FOR    A    SHIPPED-IN  AGGREGATE, 
WHICH    INCLUDES    FREIGHT,    THAN    FOR    A    LOCAL  MATERIAL  OF    POORER  QUALI- 
TY  AND   CONSEQUENTLY   REQUIRING   MORE    CEMENT.      NO    AGGREGATE    WILL  EE 
UNFAIRLY    PENALIZED    AND   NO    AGGREGATE    WILL   EE    GIVEN    AN    UNFAIR  ADVAN- 
TAGE . 

as  an  illustration  of  how  this  type  of  specification  might 
work  out  in  practice,  a  hypothetical  case  will  ee  cited. 

Let  us  suppose  that  a  State  advertise  for  e i ds  to  construct 
a  certain  piece  of  concrete  pavement,  and  let  us  further  assume 
that  for  this  joe  coarse  aggregates  from  three  sources  are  available 
let  these  be  identified  as  aggregates  a,  b,  and  c.    also ,  that  there 

ARE    TWO    FINE    AGGREGATES    AVAILABLE,    D   AND   E.      All   OF   THESE  MATERIALS, 

it  will  be  assumed,  meet  the  easic  requirements  of  the  specification 
The  State  has  tested  samples  obtained  from  each  of  these  sources  in 
concrete  and  has  available  for  the  use  of  bidders  a  tabulation  of 
proportions  required  for  the  combinations  available  together  with 
the  corresponding  quantities  per  cueic  yard  of  concrete.     th i s  i n  for 
mat  i  on  might  go  to  bidders  in  tabular  form  somewhat  as  shown  below, 
except  that  the  various  sources  of  supply  would,  of  course,  be  iden- 
tified by  name  and  location   instead  of  by  letter. 
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Proport 

ONS 

Quantities  per  cubic  yard 

f)  H          I  M  AT  I  DM 

Coarse 

Coarse 

Cement 

Sand 

AGGREGATE 

Cement 

Sand 

AGGREGATE 

Pounds 

Pounds:  Pounds 

Bags 

Tons 

Tons 

A    AND  D 

94 

182 

371 

6.4 

.58 

1.19 

A   AND  E 

94 

139 

349 

•  6,9 

.49 

1  .19 

B    AND  D 

:  94 

225 

:  415 

.  5.4 

.60 

1.12 

B    AND  E 

94 

178 

396 

5.8 

*5i 

1  .  14 

C    AND  D 

94 

161 

374 

6.1 

.49 

1  .14 

C    AND  E 

94 

1  19 

:  353 

6.6 

.40 

:  1.16 

The  above  weights  and  quantities  while  not  actually  derived 
from  specific  laboratory  tests  represent  no  greater  range  in  pro- 
portions for  concrete  designed  for  a  specified  strength  than  would 
ee  found  necessary  in  many  sections  where  aggregates  of  variable 
character  are  available.     the  values  are  given  merely  to  indicate 
the  form  which  the  information  might  take,  as  well  as  to  illustrate 
reasonable  variations  in  quantities  which  might  easily  be  encountered, 
in  an  actual  case  the  grading  requirements  which  would  apply  for 

EACH    AGGREGATE    WOULD   ALSO    EE    FURNISHED.      Th I S    INFORMATION    IS  NEC- 
ESSARY   IN    ORDER    THAT    MATERIAL    DEALERS   MAY    QUOTE    INTELLIGENTLY  ON 
REQUEST    OF  BIDDERS. 

IT    WILL   BE    OBSERVED   FROM   THE    ABOVE    TABLE    THAT    THERE    IS  A 
MAXIMUM    DIFFERENCE    OF    1.5   E  AG  S   OF    CEMENT    PER    CUBIC    YARD,  DEPENDING 
ENTIRELY   UPON    THE    AGGREGATES    SELECTED.       IT    WILL   EE    NOTED   ALSO  THAT 
SAND   D    IS    SUFFICIENTLY   HIGHER    IN    QUALITY   TO    JUSTIFY   A   REDUCTION  IN 
THE    CEMENT    FACTOR    OF    ABOUT    0.5    BAGS    IN    THE    COMBINATIONS    IN  WHICH 

it   is  used.     Sand  E  may  ee  assumed  to  be  a  somewhat  finer  sand 
locally  available,  whereas  sand  d  has  to  be  shipped  in.  likewise 
coarse  aggregate  b  is  seen  to  be  much  higher  in  quality  than  either 
a  or  c,  the  differential  between  a  and  3  being  1.0  bag  while  that 
between  b  and  c  is  about  0.7  bag. 

With  this  information,  together  with  the  prices  quoted  on 
the  various  materials,  before  him,  each  bidder  is   in  a  position 
to  prepare  an  intelligent  bid  on  the  work,    in  so  far  as  the  cost 
of  the  materials  is  concerned.    he  knows  just  how  much  cement, 
sand,  and  coarse  aggregate  he  will  have  to  buy  for  any  combination 
he  may  select  as  well  as  the  unit  costs  in  each  case  delivered. 
|t  is  obvious  that,  other  things  being  equal,  he  will  ease  his  bid 
on  the  combination  showing  the  lowest  total  cost  for  all  materials, 
including  the  cement.     there  is  no  guers  work  about   it,  and  for 
this  reason  closer  bids  and  therefore  lower  prices  should  result. 
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Portland  Cement 

It  is  o p  course  realized  that  the  quality  of  the  Portland 
cement  used  in  the  concrete  may  have  as  great  or  greater  effect  on 
strength  as  the  type  of  aggregate. 

it  is,  however,  not  quite  so  simple  to  closely  control  the 
cement  on  a  public-works  joe,  especially  where  the  contractor  buys 
his  own  cement.    attempts  to  control  the  quality  of  the  cement 
other  than  to  require  that  it  pass  the  american  society  for  testing 
Materials  requirements  are  seldom  made.    Some  procedure  which  would 
enacle  the  department  to  designate  not  only  the  grand  e ut  the  actual 
mill  from  which  the  cement  is  to  be  shipped  would  be  necessary  to 
accomplish  more  than  this. 

Closer  control  may  be  obtained  where  the  State  furnishes 

THE    CEMENT.       In    SUCH    A    CASE,    HOWEVER,    THE    SCHEME    OUTLINED  ABOVE, 

which  requires  varying  amounts  of  cement,   depending  on  the  aggregates 
used,  would  not  operate  unless  some  method  of  charging  the  contract- 
or for  the  amount  of  cement  he  used  was  adopted.    such  a  scheme  was 
tried  by  at  least  one  state  last  year. 

Bids  under  the  accompanying  type  of  specification  would  be 
taken  in  the  usual  manner;  that  is,  price  per  square  yard  of  pave- 
MENT  in  place.     Upon  notice  of  award,  the  successful  bidder  would 
ee  required  to  immediately  designate  the  particular  combination 
which  he  proposes  to  use,  upon  which  the  proportions  are  officially 
designated  ey  the  department,   and  these  proportions  will  govern 
just  so  long  as  materials  from  the  same  sources  and  of  the  same 
gradings  as  those  used  in  establishing  the  mix  are  supplied. 

This  specification  it  will  be  observed  places  the  responsi- 
bility of  securing  concrete  of  the  required  quality  upon  the  Depart- 
ment, where  it  belongs.    The  contractor  is  relieved  of  any  respon- 
sibility AS   TO   THE    STRENGTH   OF    THE    CONCRETE   OBTAINED,    JUST    SO  LONG 
AS    HE    COMPLIES   WITH    ALL  THE    DETAILS    OF    THE    SPECIFICATION   AS  REGARDS 
MATERIALS,    MIXING,    PLACING,    FINISHING,    AND    CURING   OF   THE  CONCRETE. 
TO    HOLD   THE    CONTRACTOR   RESPONSIBLE    FOR    THE    STRENGTH    OF    THE  CONCRETE 
AND    AT    THE    SAME    TIME    SPECIFY    THE    PROPORTIONS    AND   OTHER    DETAILS  OF 
MANUFACTURE    IS    NOT   AN    EQUAELE    CONTRACT.       If    IT    IS    FOUND  NECESSARY 
DURING    CONSTRUCTION    TO    MODIFY   THE    PROPORTIONS    TO    OBTAIN   THE  DESIGN 
STRENGTH,    PROVISIONS    SHOULD   EE    MADE    TO    COMPENSATE    THE  CONTRACTOR 
FOR    ANY   ADDITIONAL   COST.       |T    IS    BELIEVED,    HOWEVER,    THAT    IF  THE 
ORIGINAL  TESTS    UPON    WHICH    THE    DESIGN    IS    BASED   HAVE    SEEN  CAREFULLY 
CONDUCTED    IN    THE    LABORATORY    THE    NECESSITY    FOR    SUCH    CHANGES  WILL 
ONLY   OCCASIONALLY  OCCUR. 
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IT   MUST   BE    REMEMBERED,    OF   COURSE,    THAT    THE  PROPORTIONS 
WHICH    HAVE    BEEN    DESIGNATED    HAVE    BEEN    DETERMINED   ON    THE    BASIS  OF 
LAEORATORY   TESTS   MADE    UNDER    STANDARD    TEMPERATURE    AND   HUMIDITY  CON- 
DITIONS.    Let  it  3E  assumed  for  instance  that  the  concrete  has 

BEEN    DESIGNED   TO   G  I  VE   A    MODULUS   OF   RUPTURE    OF   600   POUNDS    PER  SQUARE' 
INCH    AT    28    DAYS    UNDER    LABORATORY  CONDITIONS.       It    IS   WELL   KNOWN  THAT 
THE    TEMPEkATURE   AND   HUMIDITY   CONDITIONS   WHICH   OBTAIN    ON    THE    JOB  WILL 
INFLUENCE   THE    RATE    AT    WHICH    THE    CONCRETE    DEVELOPS    STRENGTH  UNDER 
JOB    CONDITIONS.       In    OTHER   WORDS,    THE    DESIGN    STRENGTH,    SAY    S00  POUNDS 
PER    SQUARE    INCH,    MAY    EE    ATTAINED  UNDER    CERTAIN    FAVORAE LE  WEATHER 
CONDITIONS    IN   MUCH    LESS    THAN   28    DAYS,    WHEREAS    IN    OTHER    CASES    IT  MAY 
TAKE    MORE    THAN    28    DAYS.       |n   ORDER    TO    DETERMINE   THE   RATE    AT    WH I CH 
THE    PAVEMENT    GAINS    IN    STRENGTH,    WHICH    IN    TURN    FIXES    THE    DATE  ON 
WHICH    IT    MAY    BE    SAFELY   OPENED   TO    TRAFFIC,     IT    IS   NECESSARY   TO  MAKE 
BEAM   TESTS    ON    THE    JOB,    USING    SPECIMENS    CURED   UNDER    AS    NEARLY  IDEN- 
TICAL  CONDITIONS   TO    THE    PAVEMENT   AS   POSSIBLE,       F I  ELD    TESTS    OF  THIS 
NATURE    SHOULD    NOT,    HOWEVER,    EE    USED   TO    VERIFY   THE    CORRECTNESS  OF 
THE   ORIGINAL    DESIGN    BECAUSE    THE    SPECIMENS    HAVE    NOT    BEEN    CURED  UNDER 
STANDARD   CONDITIONS.       It    IS    A   MISTAKE    TO    ATTEMPT    TO    VERIFY  THE 
DESIGN    BY  MEANS   OF    FIELD    TESTS.       If    FOR    ANY    REASON    IT    IS  SUSPECTED 
THAT    THE    ORIGINAL   DESIGN    IS    AT    FAULT   ADDITIONAL   LABORATORY  TESTS 
UNDER    STANDARD    CONDITIONS    SHOULD   BE    MADE,    USING   MATERIALS  OBTAINED 
FROM   THE    JOB.       ]f   UNDER   THESE    CONDITIONS    THE    PROPORTIONS    ARE  FOUND 

to  be  incorrect  they  should  ee  changed,  the  additional  co  st  r  if 
any,  eeing  borne  by  the  state  and  not  ey  the  contractor. 

the  aggregate  specifications  contained  in  the  accompanying 
specification-draft  follow  the  latest  american  society  for  testing 
Materials  and  American  Concrete  Institute  form.     The  most  interest- 
ing   FEATURE    IS  THE    PROVISION    FOR    INSERTING    INTERMEDIATE    SIZE  RE- 
QUIREMENTS,   AFTER    THE    SOURCE    OF  MATERIAL   HAS    BEEN    DESIGNATED,  SO 
AS    TO    CONTROL   THE    UNIFORMITY   OF    THE    GRADING.      THE    INTERMEDIATE  SIZE 
REQUIREMENTS    SHOULD,    OF   COURSE,    BE    SET    SO   AS   TO    INSURE    MATER, I  AL  OF 
ESSENTIALLY    THE    SAME    GRADING    AS    THE   SAMPLES    USED    IN  ESTABLISHING 
THE    DESIGN.       |T    WILL   BE   OBSERVED   THAT   TWO    SIZES    OF   COARSE  AGGREGATE 
ARE    REQUIRED   WHERE    THE   MAXIMUM    SIZE    IS    GREATER   THAN    ||    INCHES.  It 

is  felt  that  this  is  necessary  in  the  case  of  the  coarser  aggregates 
in  order  to  prevent  segregation  and  consequent  danger  of  variations 
from  the  gradation  used  in  establishing  the  proportions.  the 
material  over   |i  inches  is  designated  as  a  separate  size  and  the 
proportions  given  the  bidders  for  all  such  materials  will  show  the 
total  quantities  of  materials  of  each  s i ze  per  cubic  yard  of  concrete 

Comments  and  suggestions  regarding  this  specification  are 
requested  and  should  be  addressed  to  e.  f.  kelley,  chief,  division 
of  Tests,  Bureau  of  Public  Roads,  Washington,  D.  C. 
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SUGGESTED  SPECIFICATION  FOR  CONCRETE  PAVEMENT 

1.  -    Description:     This  item  shall  consist  of  a  wearing  course  com- 

posed of  Portland-cement  concrete,  with  or  without  reinforc- 
ing   STEEL  AS    REQUIRED,    AND    SHALL   EE    CONSTRUCTED   ON    THE  PRE- 
pared suegrade  or  completed  and  accepted  ease  course  in 
accordance  with  these  specifications  and  in  conformity  with 
the  lines,  grades,  thickness,   and  typical  cross  section 
shown  on  plans, 

2.  -    Composition  of  concrete:     (a)    The  proportion  of  cement,  aggre- 

gates,   AND  WATER   WILL  EE    FIXED  BY  'THE   DEPARTMENT    ON   THE  EASIS 
OF    LAEORATORY   TESTS   OF   CONCRETE,    USING    AGGREGATES    FROM  THE 
SAME    SOURCES    AND   OF   THE    SAME    GR AD  I N GS    AS   WILL   EE    EMPLOYED  ON 
THE   WORK . 

(e)      THE    MIXTURE   WILL  SE    DESIGNED    TO    PRODUCE    CONCRETE  OF 

the  required  work as  i  l i ty  having  a  modulus  of  rupture  of  at 

least    pounds  per  square  inch.  at  28  days  when  tested  ey 

means  of  standard  laeoratory  methods. 

Note  to  Bidders:     The  Department  will  furnish  prospective 
eidders,  upon  request,  the  proportions  ey  weight  which 
will  ee  required  ^or  all  aggregates  from  such  regular 
established  commercial  sources  as  are  available  for  use 
on  the  project.    this  information  will  also  include  the 
grading  requirements  which  apply   in  each  case. 

In  the  event  that  any  prospective  BIDDER  desires  to  use 

LOCAL  MATERIALS,    THE    DEPARTMENT    WILL    FURNISH    THE  ADOVE 
INFORMATION    IN    CASES   WHERE    PRELIMINARY    TESTS    TO  ESTABLISH 
THE    PROPORTIONS   HAVE    E  E  EN   MADE.       |n    CASES    WHERE    NO  PRE- 
LIMINARY  TESTS    HAVE    BEEN   MADE   AND    THERE    IS    NOT  SUFFICIENT 
TIME    TO    CONDUCT   THE    NECESSARY   TESTS   BEFORE    E  I  OS    ARE  RE- 
CEIVED, the  Department  will  furnish  a  preliminary  estimate 

AS    TO   THE    PROPORTIONS    REQUIRED,    SUEJECT    TO  MODIFICATION 
WITHOUT   ADDITIONAL   COMPENSATION    TO    THE    CONTRACTOR  SHOULD 
TESTS    LATER    INDICATE    THAT   THE    PRELIMINARY  PROPORTIONS 
WERE  INCORRECT. 

(c)     Immediately  upon  notice  of  award,  the  contractor 
shall  furnish  the  department  with  the  exact  location  of  the 
source  or  sources  of  aggregates  which  he  proposes  to  use. 
The  proportions  will  then  be  officially  designated  by  the 
Department  in  accordance  with  the  provisions  of  Section  2 
(a)  aeove  .     Such  proportions  will  govern  so  long  as  materials 


< 
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are  furnished  from  the  sources  originally  designated  and 
so  long  as  they  continue  to  meet  the  requirements  herein- 
after specified,  subject  only  to  slight  variations  in  the 
relative  quantities  of  fine  and  coarse  aggregate  for  the 
purpose  of  securing  maximum  work ae i  l i t y , 

(d)     In  the  event  the  contractor  wishes  to  use  aggregates 
from  sources  other  than  those  originally  designated  by  him, 
the  Department  reserves  the  right  to  change  the  proportions 
to  meet  the  strength  requirements  given  under  section  2  (s) 
with  the  aggregates  actually  furnished. 

3.-    Materials:     (a)    Cement:     Portland  cement  shall  conform  in 

all  respects  to  the  requirements  cf  the  american  society  for 
Testing  Materials  Standard  Specifications  C  9  -  26,  with 
amendments  to  date  of  contract. 

(b)  Mixing  water;    Water  shall  be  clean,  clear,  free 
from  oil,  acid,  alk.-.li  or  vegetable  matter  and  shall  not  be 

USED    UNTIL   THE    SOURCE    OF    SUPPLY   HAS    BEEN    APPROVED.       If  AT 
ANY    TIME    THE    WATER    FROM    THIS    SOURCE    SHALL   BECOME    OF  UNSATIS- 
FACTORY   QUALITY,    THE    CONTRACTOR    SHALL    BE    REQUIRED    TO  PROVIDE 
SATISFACTORY   WATER    FROM    SOME    OTHER    SOURCE.      WATER    OF  OOUBT- 
FUL    QUALITY    SHALL    EE    TESTED    IN    ACCORDANCE   WITH    THE  METHOD 
PRESCRIBED    IN    I).    S.    DEPARTMENT    OF   AGRICULTURE    BULLETIN    No  . 

1216 

(c)  Fine  aggregate:     (I)    General  characteristics:  Fine 
aggregate  shall  consist  of  natural  sand  or  other  approved 
inert  materials  with  similar  characteristics,  or  a  combina- 
tion thereof,  having  hard,   strong,   durable  particles,  and 
shall  conform  to  the  requirements  of  these  specifications. 

(2)    Deleterious  suestances:     The  maximum  percentages  of 
deleterious  sug stances  shall  not  exceed  the  following  values 

Per  cent 
ey  weight 

Removed  by  decantat  i  on__  _  3 
Shale  _  _________       _  ' 

Coal   _         _  | 

Clay  lumps_  I 
Other  local  deleterious  suestances  (such  as 

alkali,  mica,   coated  grains,  soft  and  flaky 

part  i cles  )  


The  sum  of  the  percentages  of  shale,  coal,  clay  lumps,  soft 
fragments,   and  other  deleterious  substances  shall  not  exceed 
5  per  cent  by  weight. 


I 


~  8  - 


All  fine  aggregate  shall  be  free  from  injurious  amounts  of 
organic  impurities.    aggregates  subjected  to  the  co.lor  i metr  i  c 
test  for  organic  impurities  and  producing  a  color  darker 
than  the  standard  shall  be  rejected  unless  tests  of  the 
material  in  concrete  indicate  that  the  organic  impurities  are 
not  of  a  deleterious  nature. 

(3)    Grading:     Fine  aggregate  shall  ee  well  gradec  from 
coarse  to  fine  and  shall  meet  the  following  requirements! 


PER  CENT 

Passing  3/3- inch  sieve  _       _      _  _         _  100 
Do        No.    do    TO 

DO  NO.      50        DO        NOT   MORE    THAN  _  35 

Do         No .    1 00       DO         CO     D  .        DO  5 

The  intermediate  grading  requirements  above  indicated  are 
for  the  purpose  of  controlling  the  uniformity  of  deliveries 
of  materials.    they  should  be  inserted  after  the  contractor 
has  notified  the  department  as  to  the  source  of  material  he 
intends  to  furnish  and  will  be  so  selected  that  material 
will  be  furnished  which  has  the  same  gradation  as  the  sam- 
ples used  in  establishing  the  proportions. 


(d)    Coarse  aggregates:     (!)    General  characteristics: 
Coarse  aggregate  shall  consist  of  crushed  stone,  gravel, 
blast-furnace  slag,  or  other  approved  inert  materials  of 
similar  characteristics,  or  combinations  thereof,  having 
hard,   strong,  durable  pieces,  free  from  adherent  coatings 
and  conforming  to  the  requirements  of  these  specifications. 

(2)  Deleterious  substances:  The  maximum  percentages 
of  deleterious  substances  shall  not  exceed  the  following 

VALUES : 


Per  cent 
by  weight 

Removed  bv'  decantation_  _         _  I 

Shales        _  ^  I 

Coal   ~  "  | 

Clay  lumps_      __________  7 

Soft  fragments_  _  5 
Other  local  deleterious  substances  (such  as 
alkali,  friable,  thin,  elongated,  or  lami- 
nated p i eces  ) 


The  sum  of  the  percentages  of  shale,  coal,  clay  lumps, 
and  soft  fragments  shall  not  exceed  5  per  cent  by  weight. 


( 

< 
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(3)  Quality:  Coarse  aggregates  shall  meet  the  following 
requ i rements : 


Crushed  stone 

Per  cent  of  wear,  not  more  than    7 

Gravel 

Per  cent  of  wear,  not  more  than         _  _  |5 

Blast-furnace  slag 

Weight  per  cueic  foot,  not  less  than   _     70  lbs. 

All  coarse  aggregates  shall  be  subjected  to  five  alternations 
in  the  sodium  sulphate  test  for  soundness  and  those  showing 
evidence  of  marked  checking,  cracking,  or  disintegration  in 
this  test  shall  ee  rejected  unless  it  can  ee  shown  to  the 
satisfaction  of  the  department  that  such  aggregates  have 
proven  entirely  sound  in  service. 


4.-    Grading:     Coarse  aggregate  shall  be  well  graded  from  coarse  to 
fine,   and  shall  meet  the  following  requirements: 

(a)    When  the  coarse  aggregate  has  a  maximum  size  of  || 
inches  or  less: 

Per  cent 

Passing  a  It-inch  sieve      100 

do       do    do     ______   to 

do       do  3/8- inch    do  not  more  than 

(e)    When  the  coarse  aggregate  has  a  maximum  size  greater 

THAN    \\    INCHES   THE    MATERIAL   LESS    THAN    It    INCHES    IN    SIZE  SHALL 
EE    FURNISHED    IN    THE    GRADING    GIVEN    UNDER    (a)    ABOVE    AND  THE 
MATERIAL    LARGER    THAN    It    INCHES    SHALL   BE    FURNISHED   AS    A  SEP- 
ARATE   SIZE    CONFORMING    TO    THE    FOLLOWING  REQUIREMENTS.* 


■   •      i  Per  cent 

Passing  a  3- inch  sieve  _   _       1 00 

Do       do  2  V- 1  nch    do   95  to  100 

Do       do  It- i nch    do       _         _  not  more  than  15 

The  intermediate  grading  requirements  indicated  under  (a) 
above  are  for  the  purpose  of  controlling  the  uniformity  of 
deliveries.    they  shall  be  inserted  after  the  contractor 
has  notified  the  department  as  to  the  source  of  material 
he  intends  to  use  and  will  be  so  selected  that  material 
will  be  furnished  which  will  have  the  same  gradation  as  the 
sample  used  in  establishing  the  proportion. 


( 
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